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table, sterilization screens typically found in a modern
orthopedic operating room usually prevent positioning of a
portable fluoroscope, and metallic hardware in the opera-
tive field prevents adequate imaging of the iliac arteries.
We believe that completion arteriography after infrain-
guinal artery bypass or popliteal artery thrombectomy is
essential to rule out an underlying intimal flap during THA
or TKA and to ensure that recurrent thrombosis does not
occur. Lack of a completion imaging study may be a reason
why previous authors have reported significant amputation
rates (70%, 7 of 10) after acute arterial thrombosis associ-
ated with TKA.2-5
The vascular surgeon faced with these complications
should be prepared to obtain adequate length of autolo-
gous vein to perform a distal bypass. In the setting of
unilateral joint replacement we prefer harvesting the con-
tralateral greater saphenous vein, to avoid removal of a
potentially important venous outflow channel from the
ischemic leg should a deep vein thrombosis develop
postoperatively.
Arterial bleeding complications. Acute bleeding
during THA or TKA is usually readily recognized and
treated concomitant with the orthopedic procedure. Pri-
mary repair or patch angioplasty is usually all that is re-
quired, except in cases when arterial transection occurs and
both bleeding and ischemia result. Transection can occa-
sionally be treated with end-to-end anastomosis, but fre-
quently an interposition graft or ligation with bypass is
required.
Popliteal artery pseudoaneurysm is not usually recog-
nized unless the patient complains of unusual and persis-
tent posterior knee pain, swelling, and paresthesia. Liberal
use of duplex ultrasonography is recommended in patients
with these symptoms after TKA, to rule out deep venous
thrombosis or popliteal artery pseudoaneurysm. We and
others preferentially treat pseudoaneurysms of popliteal or
deep femoral artery branches or pseudoaneurysms with a
narrow neck arising from the main popliteal artery with
thrombin or acrylate adhesive “glue” injection or coil de-
ployment. This technique is less invasive and less morbid
than open surgical repair, especially in patients in whom
these complications develop in the first few days after THA
or TKA. However, for pseudoaneurysms with a wide neck
arising from the main trunk of the popliteal artery we favor
open surgical repair, to avoid the risk for distal emboliza-
tion. A posterior approach to the popliteal fossa, with the
patient in the prone position, is recommended. Ligation of
a feeding side branch, with evacuation of the pseudoaneu-
rysm, or vein patch or interposition repair when the pseu-
doaneurysm has a wide neck and arises directly from the
main trunk of the popliteal artery, is our preferred strategy
for these complications.
CONCLUSION
Acute arterial complications associated with THA and
TKA are remarkably rare. In this series these complications
were more frequent with THA, especially repeat knee op-
erations. Although comparison with previous sizable series
is not possible, because other reports generally consist of
only one or two cases with arterial complications associated
with THA or TKA, we believe that selective preoperative
arteriography, routine completion arteriography, and ag-
gressive revascularization are critical. Simple thrombec-
tomy proved to be rarely sufficient in this series, but it is
reasonable to attempt this procedure first. We found that
bypass surgery is usually essential to achieving limb salvage.
Even in high-volume orthopedic services, these injuries are
frequently not recognized until after the day of surgery.
With adherence to the above-outlined strategies, a high
rate of limb salvage can be achieved.
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DISCUSSION
Dr Sean O’Donnell (Washington, DC). Dr. Calligaro, thank
you for the chance to review your extensive study on arterial injuries
following total joint replacements. Although many of us are familiar
with the vascular injuries that can occur with lumbar disk surgery,
vascular injuries associated with total knee and hip replacements are
infrequent enough (as noted in your series, at an incidence of 0.13%)
that it is a much less familiar problem. With the outstanding results
you obtained of 100% limb salvage and with your emphasis on
identifying patients at risk and the frequent requirement for bypass as
opposed to thrombectomy alone, your review will serve as a very
useful resource for both orthopedic and vascular surgeons.
I have two questions. We are occasionally asked by our ortho-
pedic colleagues: Can we use a tourniquet on a lower extremity
that has an infrainguinal bypass in place? It is not clear to me from
your presentation how many patients, if any, had an infrainguinal
bypass in place prior to the joint replacement procedure, and
whether you felt that those were at particularly high risk for
occlusion with the use of a tourniquet. Could you comment on
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that issue and give us your guidelines for patients with infrainguinal
bypasses who are undergoing total joint replacements?
In addition, your review noted a trend for an increased inci-
dence in arterial injuries following total knee versus total hip
replacements, with 24 of your 32 patients having undergone total
knee replacement. Is there anything that you have identified that is
unique about the total knee implant or the procedure itself that
might account for this?
Dr Keith Calligaro. I had another slide that I didn’t show, for
lack of time, and this is just a really quick summary of the use of
tourniquets for knee arthroplasties. And when we looked at all 24
patients who had knee arterial complications, 20 of those 24 did
have a tourniquet. But when you specifically look at the patients
who underwent a knee arthroplasty and suffered ischemic compli-
cations, there were 14 patients; 10 of those 14 had a tourniquet.
You might say on the basis of these numbers that a tourniquet is
associated with injury. But the reality is that tourniquets are used
on almost everybody anyway. So we cannot conclude that a tour-
niquet is associated with ischemic complications, number one.
But specifically getting to your question about patients who
have an arterial bypass that was performed years or months before
they need a knee replacement, I didn’t address that. But we’ve
probably only had about two or three patients out of all of those
who had a preexisting arterial patent bypass who then needed a
knee replacement. And the bottom line is we tell orthopedic
doctors, either give them heparin and use your tourniquet, which
they’re not willing to do, or don’t use a tourniquet. And they’re
very good about that. And they will generally be willing not to use
a tourniquet, although it is associated with a little more blood loss.
So that’s what our strategy is in relationship to patients who have
had a previous bypass.
And secondly, why is a knee arthroplasty associated with an
injury more than a hip arthroplasty? I think it’s just because a knee
has more tendons and bones in a closed space in relationship to a
popliteal artery and there is more joint manipulation. Especially
with a redo operation, a revision, there’s a lot of scar tissue around
the artery and the bone and the joints. And when they are manip-
ulating the knee, they really pull it forward and manipulate it a lot.
And I think just the scar tissue can damage the artery and the
adjacent tendons and ligaments.
Dr Steve Elias (Englewood, NJ). I have two questions.
First of all, in the total knees, what site of the popliteal is in
general the most injured site?
And then, secondly, I don’t want to drag veins into this again,
but were there concomitant venous injuries that you identified at
the time of arterial injury and did you address those, or do you have
to address those?
Dr Calligaro. Again, we addressed the first question in the
paper about the site of the injury. And on the basis of the intraop-
erative arteriograms, the physical examination, how far you could
pass a catheter, etc, to the best we could tell, most of the injuries
did seem to be right at the popliteal artery, right near the joint,
within a few centimeters.
But clearly there were some up by the tourniquet, it seemed,
or clearly the SFA was occluded already preoperatively, and the
best guess is that either the tourniquet or just the knee manipula-
tion damaged essential collaterals that were keeping the foot viable,
but during the operation they became occluded and the foot
became ischemic. So the location, again, is mostly at the popliteal
artery, but some involved collaterals, probably at the SFA or in the
SFA.
In terms of venous injuries, no, we didn’t actually review that.
But to the best of my recollection, there were a few times the veins
got injured. We would try to repair them at the same time. I don’t
recall any cases we had to do extensive venous replacements, like a
vein interposition, but we’d basically oversew them if the veins
were injured. But we would try to repair them.
Dr Larry A. Scher (Manhasset, NY). When you suggested
referring high-risk patients for evaluation and performed several
angiograms on these patients, you almost suggested that the
patients with severe arterial disease were at higher risk of injury,
having said you did those two arteriograms and those two patients
ended up with an injury, so I’m curious if you think that predis-
poses these people to problems.
Dr Calligaro. Even though the number of joint replacements
is very large the number of arterial injuries is very small. And the
number of patients with chronic, severe, underlying arterial disease
was also very small.
I think that if someone has severe underlying arterial ischemia
and they don’t quite have rest pain yet, or maybe they’re just
starting to get it, and then they undergo a knee replacement that
will tip them over. Nonetheless, it’s really pretty rare that we were
worried enough to get a preoperative arteriogram. But they send
us a lot of patients whom they’re worried about, and I think it’s
reasonable to get the arteriogram so you can get it fixed right away.
Dr Scher. Is there a reason for that? I mean, is the mechanism
of injury such that a calcified popliteal artery is more prone to
injury?
Dr Calligaro. Again, I don’t think it’s the popliteal. In these
two patients, I knew before I got an arteriogram that their SFAs
and popliteal arteries were out. The thing that tipped them over
was either the tourniquet or the manipulation that damaged col-
laterals, and that converted an ABI of 0.40 to 0.25 and that made
them ischemic.
But one thing I wanted to follow up: I think you’re right,
though, for arteries that are still patent; if they are pretty calcified,
yes, I think they may be at a little more risk of getting an intimal flap
either from the tourniquet or manipulation.
Dr Bruce A. Perler (Baltimore, Md). Just maybe a word of
support for our orthopods. Half of the ischemic injuries were
diagnosed in delayed fashion, but I guess the question is, how do
you know they didn’t develop the ischemia sort of subacutely, an
intimal tear and then a subsequent thrombosis? I know that maybe
you’re limited by the retrospective nature.
Dr Calligaro. That’s a very good point and that’s why I’m not
trying to lay blame on the orthopedist. But I think you’re right,
there were a couple of patients who even just had their collaterals
knocked off and it just wasn’t that obvious, and probably wasn’t
that bad the night of the operation, but by the first or second day
it did become obvious.
Dr Michael A. Golden (Philadelphia, Pa). I have two ques-
tions for you. As you know, with your endovascular experience, it
can be somewhat challenging to image the popliteal artery in a
patient who has the metal in from a total knee arthroplasty. I was
wondering if you had any of these people evaluated in the vascular
laboratory by ultrasound before taking them to the operating
room? Because even if you decided to get an arteriogram, some-
times imaging the critical area is either very difficult or impossible.
And the second question is, is there a patient that orthopedic
surgeons would have you see preoperatively that would make you
recommend a preoperative or pre-knee arthroplasty bypass, a pre-
ventive bypass?
Dr Calligaro. In terms of the imaging in the OR, I can’t recall
a time when we were trying to do a completion arteriogram, either
after a thrombectomy or after a bypass, that we could not get good
images of everything we needed to do. Granted, you have to do a
lot of rotations on the OR table or your fluoro machine to get the
prosthesis out of the way to really be able, especially behind the
knee, to see all of the artery. But usually with various rotations, you
can usually see that and rule out a flap. It can be challenging, but
we haven’t had that problem. We haven’t had the ultrasound
evaluation preoperatively, I have to say.
And in terms of doing a bypass preoperatively, I don’t think
we’ve ever done that. But we make it really clear to the patient, and
we specifically will call the orthopedic surgeon and say, “This
person is almost certainly going to get into trouble. We’re going to
warn him of a risk of an amputation.”
And the problem with doing the bypass first, obviously, is then
you get into that issue with the tourniquet. And I’d rather let them
go first, see how the patient does. We see them immediately
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postoperatively, but we’re prepared to do an emergent femo-
rotibial bypass. But get the arteriogram preoperatively if you’re
that worried about it.
Dr Alan M. Dietzek (Danbury, Conn). Were any of these
popliteal artery injuries recognized at the time of knee surgery?
And if so, did you then explore these through medial thigh and/or
calf incisions or would you put the patient in the prone position
and possibly explore the popliteal artery directly for possible pri-
mary repair?
Dr Calligaro. Are you talking about bleeds or ischemia?
Dr Dietzek. Bleeding.
Dr Calligaro. The bleeding was almost always recognized
during the surgery. Every knee arterial injury that was associated
with bleeding was recognized at that time, except for pseudoan-
eurysms later. And we could just repair it through the exposure
they had. But again, it was just oversewing the artery for just the
bleeds.
Now, if it was totally transected, bleeding and ischemia, in a
couple of patients we were able to do an interposition right
through that space, or do an end-to-end anastomosis. But no,
you’re right. And I think in about three of the five cases we had to
literally tie off the artery—in one case anyway—and then let them
finish, reposition them, and one patient needed an above-knee to
below-knee bypass. We repositioned another patient and did an
interposition that way. So there were some patients who needed to
be repositioned, yes.
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